Reservoirs are important source of power generation, recreation, and water supply. Nevertheless, human activities have favored the bloom of toxic cyanobacteria in many reservoirs, which has resulted in environmental, social, and economic problems. This study aims to evaluate the water quality of a reservoir in South Brazil through the analysis of cyanobacteria and cyanotoxins PSTs (Paralytic Shellfish Toxins) and biomarkers of environmental contamination in fish. For this purpose, water samples and fish (Geophagus brasiliensis) (Perciformes: Cichlidae) were collected from September 2013 to May 2014. The fish G. brasiliensis were separated in two groups. The first one "site group" was euthanized after the sampling and their weight and length were measured. The blood, brain, muscle and liver were collected for chemical, biochemical and genetics biomarkers analysis. The second group "depuration group" was submitted to depuration experiment for 40 days in clean water. After that, the same procedures as for the first group were carried out. Cylindrospermopsis raciborskii was the dominant cyanobacteria found in the reservoir, and it showed a density above the recommended limit by Brazilian legislation of 20,000 cells/ mL. Results showed that the fish accumulate PSTs in the Reservoir and these were not eliminated after 40 days. The biochemical and genotoxic biomarkers showed a significant difference between "site groups" and "depuration groups", which suggests a recovery of the antioxidant system and a reduction of cellular damage after 40 days in clean water. In conjunction with results reported earlier by others, Alagados Reservoir, in South Brazil, appears to have a persistent contamination of cyanotoxins. Moreover, the mixture of contaminants which may be present in the water body can explain the seasonal differences in fish at the sampled points.
Introduction
Many aquatic ecosystems are highly impacted by anthropogenic activities such as industrialization, indiscriminate disposal of pollutants, agricultural activities, and the construction of reservoirs (Briand et al., 2003) . Reservoirs are water bodies formed or modified by humans in order to provide water supply, power generation, and recreation (Palma et al., 2010) . However, the management and land use surrounding reservoirs have caused severe human health hazards and environmental impacts associated with the eutrophication phenomenon (Chorus and Bartram, 1999) . Eutrophication is caused by high nutrients loads resulting in algae and cyanobacterial blooms (Smith et al., 1999) .
The cyanobacteria Cylindrospermopsis raciborskii can produce cylindrospermopsin and saxitoxins, the latter are also known as Paralytic Shellfish Toxins (PSTs) (Lagos et al., 1999) . PSTs are neurotoxins that block the sodium channels, preventing the transmission of the nerve impulses (Carmichael, 1994) . Moreover, the blockage of the sodium channels can change the cellular homeostasis due to the damage in the membrane permeability (Hille, 1992) . Saxitoxin LD50 for mice is 260 g/kg by oral administration (Chorus and Bartram, 1999) . Due to the problems that cyanotoxins cause to the environmental and human health, a limit of saxitonin in water for human consumption was first suggested by Fitzgerald et al. (1999) as 3 mg/L eq. STX. This limit was adopted by Brazilian law (Portaria 2914 (Portaria /2011 .
Aquatic biota are a good biological model for monitoring the environmental quality (Markert, 1993) . Geophagus brasiliensis is a freshwater fish species with a wide distribution in the Brazilian reservoirs, and studies have shown that it can be used as biological indicator of environmental contamination (Wilhelm Filho et al., 2001; Clemente et al., 2010) . The biomarkers are also valuable tools for monitoring studies, because they can detect the sublethal effects in different biological levels before the adverse effects on the aquatic environment become visible (Livingstone, 1993; Lam and Gray, 2003; Silva et al., 2011) . In this study the acetylcholinesterase (AChE) activity was used as a neurotoxicity biomarker. As oxidative stress biomarkers, superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx) activities and glutathione (GSH) concentration were analyzed. Etoxyresorifin-O-deethylase (EROD) and glutathione S-transferase (GST) activities represent biotransformation and the lipoperoxidation (LPO) and genetic biomarkers are measured to indicate membrane and DNA damage respectively.
The aim of the present work was to evaluate to the occurrence and effects of cyanobacteria and PSTs in the water and muscle of G. brasiliensis fish species from the Alagados Reservoir, Southern Brazil, using chemical analysis and biomarkers of environmental contamination. The choice of the sampling location was motivated by to the fact that the Alagados Reservoir is used to provide power generation and drinking water supply to three cities in the southern Brazil. Recreation and fishing are important activities there because a large population lives near this water body. Moreover, the Environmental Institute of Paran a (IAP) considers the Alagados Reservoir moderately degraded, and with moderate tendency of eutrophication, due to the increased cyanobacterial blooms, and cyanotoxins concentrations in the past 13 years (Yunes et al., 2003; Fernandes et al., 2005; Clemente et al., 2010) .
Material and methods

Sampling collection
We selected three sites at the Alagados Reservoir (24 52 0 S/ 50 06 0 W), which were sampled from September 2013 to May 2014. Water sampling were held in the tree sites (S1-25 1 0 8.49 00 S/ 50 3 0 34.11 00 W, S2-25 1 0 14.55 00 S/50 2 0 17.81 00 W and S3-25 0 0 17.76 00 S/50 1 0 14.01 00 W). Fish (G. brasiliensis) was sampled in site S1 and S3 (Fig. 1) . Sites differ considering the land use adjacent to the reservoir margins, and thus may differ in their level of water and fish contamination. Four water samples were collected, two of these in the dry season (September and November 2013), and two in the wet season (March and May 2014), and one fish sampling campaign was carried out in the dry season (November 2013) and another in the wet season (March 2014). The water samples were taken from the surface, and stored in dark bottles. The bottles were transported at 4 C and in the laboratory stored at À20 C until the analyses. Three replicates per sampling and site were carried out.
Some physical and chemical parameters were measured in the water samples such as pH, temperature ( C), and levels of dissolved oxygen (mg. L
À1
) and also phytoplankton and chemical analyses. A total of 30 fish were collected in site 1 and site 3 at the Alagados Reservoir in order to compare contamination among sites and seasons. These fish were divided in two groups. The first fish group was called as "site group", which were anesthetized with benzocaine 0.0001%, and then euthanized by medullar section. The fish were measured, weighted, and the blood samples were collected to genotoxic biomarkers. Muscle samples were removed for chemical analyses and to measure the acetylcholinesterase activity. Brain samples also were removed to measure the AChE. In addition, liver samples were collected to analyze biochemical and genotoxic biomarkers. The second fish group was called as "depuration group", which were used in the depuration experiments. Depuration was carried out to evaluate if fish contamination decreases in a scenario of water decontamination. Three replicates per sampling and site carried out.
The "site groups" were classified as S1 DRY (site 1 dry season), S3 DRY (site 3 dry season), S1 WET (site 1 wet season) and S3 WET (site 3 wet season). The "depuration groups" were classified as S1 DEP DRY (depuration site 1 dry season), S3 DEP DRY (depuration site 3 dry season), S1 DEP WET (depuration site 1 wet season) and S3 DEP WET (depuration site 3 wet season).
Depuration experiments
The fish from "depuration groups" were kept in tanks with clean water for 40 days. All depuration tanks were maintained under controlled conditions, including aeration, temperature (28 C), feeding, and population density (1 g/L: fish/water). The water of each tank was partially renewed (1/3) every 48 h. After the 40 days, the fish were subjected to the same procedure performed in the "site group", as described in 2.1.
Water analysis
Phytoplankton analysis
Samples for qualitative analysis of phytoplankton were preserved in Transeau solution, and identified according to specific literature. Samples for quantitative analysis of phytoplankton were preserved in acetic Lugol, and cells were counted at inverted microscope (Uterm€ ohl, 1958; Venrick, 1978; Chorus and Bartram, 1999) .
Extraction of toxins from water samples
The water samples (500 mL) were stored in amber glass bottle at À20 C, and lyophilized. The samples were ressuspended in acetic acid (0.5 M, pH 3) and kept at À20 C for 4 months. This procedure was followed according to previous studies of toxin stability (Oshima, 1995; Indrasena and Gill, 2000) . After this, the samples were filtered in cellulose acetate filter (0.45 mm), and analyzed in the high-performance liquid chromatography (HPLC) (Oshima, 1995) using the PSTs standards, which were obtained from the National Research Council (Canada). The detection limits included: Saxitoxin (STX) 5.90 ng/mL, NeoSaxitoxin (neoSTX) 6.14 ng/mL, Goniautoxin 1 (GTX1) 124.20 ng/mL, Goniautoxin 2 (GTX2) 9.03 ng/mL, Goniautoxin 3 (GTX3) 3.42 ng/mL, and Goniautoxin 4 (GTX4) 40.52 ng/mL. The concentrations of each toxin analog found in the samples were converted to equivalent STX (eq. STX) (Hall et al., 1990) . Muscle samples (5 g) were homogenized in hydrochloric acid HCl (0.1 M) and centrifuged. The supernatants were stored at À20 C for 4 months until HPLC analysis based on previous studies of toxin stability (Indrasena and Gill, 2000) . After that the samples were filtered in cellulose acetate filter (0.45 mm) and analyzed in the high-performance liquid chromatography (HPLC) (Oshima, 1995) . The detection limits and the toxins analysis in fish samples were the same as in the water samples.
Condition factor and hepatosomatic index
The condition factor (K) and the hepatosomatic index (HSI) were used as stress indicators. The K demonstrate the length-weight relationship that was expressed by K ¼ fish total length/(fish total weight) 3 * 100. The HSI represents the liver weight weight-body relationship expressed by HSI ¼ organ weight/fish total weight * 100 (Le Cren, 1951).
Biochemical biomarkers
Brain and muscle samples were homogenized in phosphate buffer (pH 7.5), and each of the samples was centrifuged at 12000g for 30 min at 4 C. AChE activity was measured in the supernatant according to the method of Ellman et al. (1961) , modified for microplates by Silva de Assis (1998) . The AChE activity was measured at 415 nm.
Liver samples were homogenized in phosphate buffer (pH 7.0), and each sample was centrifuged at 15000g for 30 min at 4 C. In the supernatants, we measured the activity of superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), glutathione S-transferase (GST), ethoxyresorufin-O-deethylase (EROD), and the concentrations of the glutatuione (GSH), and lipoperoxidation (LPO). EROD activity was measured using the method described by Burke and Mayer (1974) measured at 482 nm. GST activity was measured according to the method of Keen et al. (1976) at 340 nm. SOD activity was measured at 560 nm using the method described by Crouch et al. (1981) . CAT activity was measured using the Aebi method (1984) at 240 nm. The GPx activity was measured at 340 nm by Hafeman et al. (1974) methodology. GSH concentration was measured at 415 nm based on the Sedlak and Lindsay (1968) method, and LPO was analyzed at 560 nm using the FOX method (Jiang et al., 1992) . Protein total concentration was quantified by Bradford method (Bradford, 1976) , using bovine serum albumin as a standard.
Genotoxic biomarkers
Micronucleus analysis was carried out in the blood sample method described by Heddle (1973), and Schmid (1975) . In the blood samples we also determinate the frequency of the following nuclear morphological alterations: blebbed (B), lobed (L), notched (N) and vacuolated (V) assessed through the methodology proposed by Carrasco et al. (1990) , while the polychromatic erythrocytes frequency was identified using Ueda et al. (1992) and Cavas et al. (2005) methodologies. Comet assay were carried out in the blood and liver maintained in microtubes with 1 mL fetal bovine serum by the method described by Singh et al. (1998) , and modified by Ferraro et al. (2004) .
Statistical analysis
The Levene's homogeneity test and the Shapiro-Wilk normality test preceded data analysis. The parametric T-test was used for the independent samples, and the Mann-Whitney test was used to analyze the differences between the PST concentrations in the G. brasiliensis muscles, as well as the biochemical and genotoxic biomarkers. The biomarkers were also analyzed by Principal Coordinates Analysis (PCoA; Gower, 1966) . This analysis was used to summarize and show general patterns of biomarkers for the sites, seasons and depuration. The PCoA was performed from a matrix of Euclidian distance. Permutational Multivariate Analysis of Variance procedure (PERMANOVA; Anderson, 2001 ) was used to directly evaluate the effects of the biomarkers in respect to groups. This multi-factorial ANOVA is suitable for analyzing multivariate data that are based on any distance measure. In this case, it was used Euclidian distance. PERMANOVA was tested using a Monte Carlo method with 10,000 random permutations to assess significance levels. The correlation between PCoA axes and the biomarkers were analyzed by Pearson (parametric) and Spearman (nonparametric). The significance level was p < 0.05.
Results
Physical and chemical parameters, phytoplankton densities and PSTs concentrations in the water samples
The results of physical and chemical parameters were analyzed and are within the limits allowed by Brazilian legislation (CONAMA N 020/1986) ( Table 1) .
We identified 17 species of cyanobacteria in the water samples of the Alagados Reservoir, and 8 of them can produce cyanotoxins. C. raciborskii was the dominant cyanobacteria species found in the water samples of this reservoir, and it reached 1 million of cells/mL during the wet season (March) (Fig. 2) .
Saxitoxin, neosaxitoxin, and goniautoxins 1, 2 and 3 were detected in the water samples at concentrations up to 24 mg/L during the wet season. Concentrations tended to be lower at site 3 (Table 2) .
PSTs concentrations in the muscle samples of G. brasiliensis
We found traces of the saxitonin and goniautoxin 2 in all groups of fish, there was no difference in the concentration of these toxins in G. brasiliensis between dry and wet season.
GTX 2 concentrations detected in the fish of the "depuration groups" were higher than "site groups" (p ¼ 0.0079, p ¼ 0.05, p ¼ 0.051). On the other hand, the percentage of fish presenting STX decreased in the "depuration groups" in comparison to the "site groups" in both seasons, except for site 3 in wet season (Table 3) .
Condition factor (K) and the hepatossomatic index (HSI) were lower in the wet season than in the dry season (Table 4) .
Biomarkers
AChE brain activity was lower at site 3 than site 1 in both seasons (p ¼ 0.0066; p ¼ 0.01). The AChE activity in the "depuration groups" was higher than in the "site groups", except in site 1 during the wet season (p ¼ 0.0244, p ¼ 0.0364; p 0.0001). AChE muscular activity was lower in site 3 than in site 1 in both seasons, except in site 3 during the wet season (p ¼ 0.0001; p ¼ 0.0180). The activity was lower in the dry season than wet season (p 0.0001; p ¼ 0.0073) and higher in the "depuration groups" than "site groups" (p ¼ 0.0042; p ¼ 0.0003; p ¼ 0.0029) (data not shown).
EROD activity was higher in the wet season than in the dry season in site 3 (p ¼ 0.0004), and the site 3 activity was higher than site 1 activity in wet season (p ¼ 0.0329). Generally, the EROD activity in the "depuration groups" was equal to that the "site groups"; it was significantly lower only ate site 1 during the wet season (p ¼ 0.0306) (Fig. 3 A1, A2, A3 ). Although GST activity was higher in site 1 in the dry season compared to site 1 in the wet season (p ¼ 0.0071), it was higher in site 3 during the wet season (p ¼ 0.0424). In contrast, GST activity was always higher in the "site groups" than in the "depuration groups" (p ¼ 0.0178; p ¼ 0.0490; p ¼ 0.0124; p ¼ 0.0065) (Fig. 3B1, B2, B3) .
The SOD activity showed rather little variation in the dry season (p ¼ 0.0124), but in 3 of the 4 situations tested it was higher in the "Depuration groups" compared to the "site groups" (p ¼ 0.018; p ¼ 0.0130; p ¼ 0.0330) (Fig. 4 A1, A2, A3 ). CAT activity was lower in the dry season than in the wet season (p ¼ 0.0025; p ¼ 0.050), while it showed significant difference between site 1 and site 3 during the dry season (p ¼ 0.0317). Furthermore, CAT activity was higher in the "depuration groups" in site 3 only during the wet season than in the "site groups" (p ¼ 0.0077) (Fig. 4 B1, B2, B3 ). The GPx activity was not different between seasons and sampling. GPx activity was higher in the "depuration groups" than in the "sites groups" (p ¼ 0.0149; p ¼ 0.0447; p ¼ 0.0134) (Fig. 4 C1, C2, C3 ). GSH concentration was lower in site 1 during the dry season than in site 1 in the wet season (p ¼ 0.0498). GSH concentrations in the "depuration groups" were substantially higher than in the "site groups" (p 0.0001; p ¼ 0.0364; p ¼ 0.0035; p ¼ 0.0115) (Fig. 4 D1 , D2, D3). LPO was substantially lower in the "depuration groups" than in the "site groups" (p ¼ 0.0088; p ¼ 0.0091; p ¼ 0.0127; p 0.0001) (Fig. 4 E1, E2, E3 ).
Micronucleus were not identified in the blood cells in all groups of fish. We also observed an increased incidence of the notched and blebbed nucleus in the "site groups". However, there was no significant difference in the total nuclear alterations among all groups. In addition, our results showed higher percentage of PCE, and DNA damage in blood and liver in the comet assay in the "site groups" (Table 5) .
Permanova results and in the ordination (PCoA) all factor affected, but they were not independent. The interaction always occurred between two predictor variables. Thus, the three-way interaction was not significant; and there is no individual effect without a two-way interaction (Table 6 and Fig. 5 ). The first PCoA axis had 30.3% and the second PCoA axis 21.6% of explanation to the data variation. SOD, CAT, GPx, GSH and AChE (brain and muscle) were positively correlated with the first axis, whereas GST and LPO were negatively correlated. GPx, GSH and AChE (brain) positively correlated with first axis, whereas EROD, CAT, Comet assay (liver and blood) and AChE (muscle) were negatively correlated (Table 7) .
Discussion
Cyanobacterial densities
C. raciborskii was the dominant cyanobacteria in the Alagados Reservoir. In addition, C. raciborskii densities were usually above the limit recommended by the Brazilian legislation (20,000 cells/mL) in both seasons. During the dry season (March), its densities reached values around 1 million cell/mL in site 1, which was located near the intake to the public water supply. This result can be associated with C. raciborskii's preference for warmer environments (Padis ak, 1997), conditions which occur mainly during March in Alagados (26 C and pH 8.4).
Previous studies have also detected blooms of C. raciborskii in Alagados Reservoir above the recommended limit (Yunes et al., 2003; Fernandes et al., 2005; Clemente et al., 2010) but not as high as we found in our study. In fact, there is a wide variation in the intensity of blooms of cyanobacteria over years in the Alagados Reservoir. Thus, a continuous monitoring in this area is necessary. Furthermore, it is also important to better understand the main reasons that result in the variation of the cyanobacteria blooms along the seasons in order to prevent future blooms in the Alagados Reservoir.
PSTs
PSTs concentrations detected in water samples during the September, March, and May were above the maximum recommended limit by legislation for drinking water (3 mg/L) (eq. STX) (Brazil, 2011) . When the concentrations in raw water, the case of this study, achieve or exceed the maximum recommended limit for drinking water, strategies to prevent human intoxication and harm to ecosystem are necessary.
PSTs were also detected in all fish groups, but concentrations were below the maximum allowed for mussels (80 mg/100 kg eq. STX). However, as the local population consumes the species of fish chosen in this study, one cannot discard the propensity of these toxins to be transferred to higher trophic levels. Previous studies have shown the bioaccumulation of saxitoxins in clams, mussels, crab, and fish (Bricelj and Shumway, 1998; Gubbins et al., 2000; Oikawa et al., 2002; Pereira et al., 2004) . Alagados is a reservoir that provides important services for the human population, including water supply and fishing. Thus, the Indicates statistical differences between groups (p < 0.05). Fig. 3 . Biotransformation biomarkers EROD (A1, A2, A3) and GST (B1, B2, B3) evaluated in G. brasiliensis. T-test (mean ± SE); p < 0,05. A1,B1: "sites groups"; A2, B2: "site groups" and "depuration groups" in dry season; A3, B3: "site groups" and "depuration groups" in wet season. * Significant differences of site 1 compared to site 2 in the same season; ** Significant differences of "site groups" compared to "depuration groups"; *** Significant differences of dry season compared to wet season. Fig. 4 . Oxidative stress biomarkers: SOD (A1, A2, A3); CAT (B1, B2, B3); GPx (C1, C2, C3); GSH (D1, D2, D3) and LPO (E1, E2, E3) evaluated in G. brasiliensis. T-test (mean ± SE); p < 0,05. A1, B1, C1, D1, E1: "sites groups"; A2, B2, C2, D2, E2: "site groups" and "depuration groups" in dry season; A3, B3, C3, D3, E3: "site groups" and "depuration groups" in wet population can be exposed to cyanotoxins through water or food consumption. Previous studies have reported human poisonings in the United States, and Australia associated with the consumption of the water from public supply that contained cyanotoxins (Carmichael, 2012) . In addition, the consumption of fish and shellfish with cyanotoxins in Indonesia and Patagonia resulted in lethal cases Deeds et al., 2008) . Fish consumption may be an important exposure route of cyanotoxins to humans, since higher trophic levels in aquatic ecosystems bioaccumulate these toxins in their tissues via dietary exposure. In this study, we found a reduction in the percentage of fish with STX in the "depuration groups", while the GTX2 concentrations increased in these groups. These results suggest that STX could be transformed to GTX2, increasing GTX2 concentrations in fish that were submitted to the depuration experiment. Others studies have suggested the transformation of these analogues (Sullivan et al., 1983; Castro et al., 2004) . Sako et al. (2000) also proposed a route of the transformations for the PSTs, involving the enzymes sulfotransferases. Such transformation may decrease the toxicity of cyanotoxins to fish, since GTX2 is less toxic than STX.
Biomarkers
We observed biochemical and genetic alterations in G. brasiliensis. Our results showed that there are differences in the biomarkers among seasons and sampling sites, highlighting the spatial and temporal variation in the effect of contaminants.
Although each biomarker present a specific response in fish, the set of biomarker is effective to show the effect of sites, seasonality and depuration.
AChE activity in the brain and muscles were lower in sites and seasons in which there was less PSTs contamination. This indicates that there may be others anticholinesterase agents that are causing the reduction in the enzymatic activity. Molica et al. (2005) suggested that the C. raciborskii toxins can not cause AChE inhibition. AChE activity in fish increased after 40 days in clean water, suggesting that there is a contamination in the Alagados Reservoir. In fact, there is an intensive use of pesticides nearby this reservoir, so that this water body may contain a large variety of pesticides that can act as inhibitors of the AChE enzyme. Even so, the reduction in EROD and GST activities in the "depuration groups" is associated with the decrease in the biotransformation of fish, due to the absence of compounds stress inductors. The EROD can be a sensitive biomarker for cyanotoxins, and Gubbins et al. (2000) suggested that the cytochrome P450 (CYP1A) enzyme is activated when fish are exposed to saxitoxins. SOD, CAT, and GPx activities decreased in the "site groups" due to the exposure of fish to the environmental stressors present in the reservoir. On the other hand, in the "depuration groups" the enzyme activities increased, suggesting a potential recovery of the antioxidant system. Previous studies also showed decrease in the activity those enzymes when organisms were exposed to saxitoxins (Silva et al., 2011) and other compounds (Otto and Moon, 1995; Romeo et al., 2000) . Lower GSH concentrations, in the "site groups" can be associated with the fact that GPx uses GSH as cofactor.
In addition, GPX is important in the protection of the cell membranes, especially in preventing the damage caused by the lipoperoxidation (LPO) (Van Der Oost et al., 2003) . This study showed that GPx activity was lower in the "site groups" when the LPO increased. The reverse was observed in the "depuration groups", suggesting the recovery of the antioxidant system due to the damage cellular caused by the lipid peroxidation. Sun et al. (2006) and Guzm an-guill en et al. (2014) , reported that the recovery of the lipid peroxidation can be caused by recovery of antioxidant system.
The genotoxic biomarkers showed an increase in the cytogenotoxicity in the Alagados Reservoir. Some toxins produced by C. raciborskii are known inducers of oxidative stress and consequently DNA damage (Guti errez-Praena et al., 2011; Zegura et al., 2011) . The possible mechanism to induce this damage is the DNA strand breakage that can lead to the micronucleus formation and the loss of chromosomes (Humpage et al., 2000; Shen et al., 2002) . The lipid membrane damage indicates a direct relation with the COMET %: Percentage of DNA in tail. a Significant differences of site 1 compared to site 2 in the same season. b Significant differences of "site groups" compared to "depuration groups". c Significant differences of dry season compared to wet season. season.
*
Significant differences of site 1 compared to site 2 in the same season; ** Significant differences of "site groups" compared to "depuration groups"; *** Significant differences of dry season compared to wet season.
fragmentation and DNA damage. LPO increase and DNA damage have already been reported in fish from this reservoir (Clemente et al., 2010) . The increase of frequency in polychromatic erythrocytes in "site groups" may indicate a defense of fish to environmental conditions. However, when G. brasiliensis were placed in clean water for 40 days, they were able to repair such damage, as observed in other studies using cichlids as model for effects of these toxins (Guti errez-Praena et al., 2011; Guzm an-guill en et al., 2014) . In addition to the cyanotoxins, others compounds can be present in the Alagados Reservoir, and the fish responses can be a result of the pollutant mixture. The results suggest that a proper management of water quality and a control of cyanobacteria (A) Differences among "site groups" and "depuration groups" in the dry season; (B) Differences among "site groups" and "depuration groups" in the wet season; (C) Differences among "site groups" and "depuration groups" in the site 1; (D) Differences among "site groups" and "depuration groups" in the site 3; (E) Differences among dry season and wet season in both sites in the "site groups"; (F) Differences among dry season and wet season in both sites in the "depuration groups". blooms may substantially reduce contamination of fish.
Conclusion
In conjunction with results reported by others, it is becoming evident that Alagados Reservoir has a persistent contamination by cyanotoxins, particularly from C. raciborskii blooms. As a consequence, G. brasiliensis are accumulating PSTs. Even after 40 days in clean water, these are not completely eliminated but probably transformed to less toxic PSTs. Nevertheless, these toxins accumulated in the trophic levels may cause long-term problems in this water body. Furthermore, there is a seasonal variation in the response of fish to the environmental conditions, which resulted in different levels of the lipid peroxidation and genotoxicity. However, G. brasiliensis seemed to activate the antioxidant system responses during the depuration time, which reduced the cellular damage. As an implication of the results, the Alagados Reservoir should be constantly monitored and efforts to prevent cyanobacteria blooms are necessary to reduce fish contamination and to prevent human intoxication.
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